This study was undertaken to investigate whether levels of anti-alpha-1, 6-glucan antibodies in human sera correlate with rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE). Serum samples were collected from patients with SLE (n = 30), RA (n = 30) and healthy adult volunteers. IgG, IgA and IgM levels against alpha-1, 6-glucan were measured using enzyme linked immunosorbent assays. Anti-alpha-1, 6-glucan IgG prevalence was raised in patients with active SLE (73.3%) and RA (60%) compared with healthy controls (13.3%). Strong correlation between anti-alpha-1,6-glucan-IgG levels and anti-perinuclear factor (r = 0.642; p < 0.05) in RA patients or anti-nuclear antibodies (r = 0.675; p < 0.05) in SLE patients was observed. No significant differences in anti-alpha-1,6-glucan-IgA or-IgM levels were noted between different groups. We conclude that anti-alpha-1,6-glucan-IgG levels were significantly elevated in patients with SLE or RA and positively correlated with disease activity.
INTRODUCTION
Humans have circulating natural antibodies towards a variety of glycans that exist on the surface of bacteria, fungi and parasites or on self-tissue cells, such as erythrocytes and endothelial cells. Such natural antibodies may play important roles in host defense against microbial invasion and/or in immunoregulation. Amongst the well-studied anti-glycan natural antibodies in humans are the anti-blood group antibodies (Pal et al., 2004; Dinglasan et al., 2005) and antiGal-α-1,3-Gal antibodies (Galili, 2005; Huang et al., 2006) . Other known anti-carbohydrate human natural antibodies include those specific for Gal-β-1,3-GalNac (T antigen) and lactose (Gupta et al., 1996; Galili, 2001) . Some glycanspecific antibodies could be serological markers for autoimmune diseases. Dextran and anti-dextran antibodies have been known to appear in patients with gastrointestinal diseases and some colorectal carcinomas. These disorders seem to be linked to gut pathology, which is underlined by the facts that arthritis is an extraintestinal manifestation of Crohn's disease and that rheumatic diseases occur in patients with gluten-enteropathy more frequently than in the general population (Greenstein et al., 1976; Bourne et al., 1985) . However, there is no hard evidence suggesting that dextran epitopes are specifically present in the gut. It is thus possible that a higher prevalence of anti-dextran antibodies might also be seen in patients with systemic rheumatic diseases, such as rheumatoid arthritis (RA) or systemic lupus erythematosus (SLE), which could occur irrespective of gut involvement. Our previous work showed that the prevalence of anti-Saccharomyces cerevisiae mannan antibodies (ASCMA) is elevated in both SLE and RA patients and levels of ASCMA are associated with disease activity in these patients (Dai et al., 2009a, b) . We herein expand this study further analyzing whether levels of antibodies against dextran, a linear D-glucose polymer with α-1,6-linkage, are also elevated in patients with SLE or RA. Results arising from this study may help us to better understand the pathogenesis of SLE or RA and also have important diagnostic and/or predictive values.
RESULTS
Elevated anti-α-1,6-glucan-IgG level in SLE and RA Serum samples were screened for anti-α-1,6-glucan IgG, IgM and IgA using dextran-based ELISA. The majority of samples from SLE patients (73.3%) and RA patients (60%) were positive for anti-α-1,6-glucan IgG, significantly more than that observed in healthy subjects (13.3%) ( Fig. 1 and Table 1 ). Two of the high responder sera of SLE or RA patients were serially diluted respectively and assayed with an endpoint of 1 : 800 dilution, which confirmed the screening results (Fig. 2) . We could not demonstrate that anti-α-1,6-glucan-IgM and-IgA levels in patients with SLE or RA were significantly higher than the control group (Table 1) .
Levels of anti-α-1,6-glucan IgG correlate with disease activity Serum levels of α-1,6-glucan-specific IgG in RA patients were compared with serological assay results including anti-keratin autoantibody (AKA), anti-perinuclear factor (APF), anti-cyclic citrullinated peptide (CCP), rheumatoid factor (RF), hidden rheumatoid factor for IgA/IgG (HRFIgA/IgG), C-reactive protein (CRP) and ESR. As shown in Table 3 , anti-α-1,6-glucan-IgG levels strongly correlate with APF (r = 0.642; p < 0.05).
Serum levels of α-1,6-glucan-specific IgG in SLE patients were compared with that of anti-Smith antibodies (Sm), antihistone antibody (AHA), anti-RNP antibodies, antinuclear antibodies (ANA), anti-ribosomal P protein antibody (ARPA), Ro (SSA) and La (SSB) antibodies. Interestingly, anti-α-1,6-glucan-IgG levels strongly correlate with ANA in SLE (r = 0.675; p < 0.05) ( Table 2) .
ROC curve analysis of anti-α-1,6-glucan IgG ROC curves were plotted for anti-α-1,6-glucan-IgG to evaluate sensitivity and specificity of our dextran-based ELISAs in diagnosing SLE or RA (Fig. 3) . We also performed ROC curve analysis to determine the optimal cutoff for anti-α-1,6-glucan in SLE and RA. Healthy subjects were used as controls. For RA patients, with a cutoff value at 0.792 the sensitivity for detecting RA was 80%, while the specificity was 80%. 95% confidence interval was between 0.6549-0.9073. The area under the ROC curve was 0.781. For SLE patients, with a cutoff value at 1.09 the sensitivity for detecting SLE was 93.3%, while the specificity was 73.3%. 95% confidence interval was between 0.7644-0.9623.The area under the ROC curve was 0.863.
DISCUSSION
Serum samples from patients with RA or SLE were compared with those from healthy subjects for antibodies against α-1,6-glucans using dextran-based ELISAs. The majority of patients with SLE (73.3%) or RA (60%) had elevated levels of serum IgG. Further studies of larger populations of various ethnic backgrounds are necessary to draw more definitive conclusions.
A key question is whether anti-α-1,6-glucan has any pathophysiological role in the pathogenesis of autoimmune diseases such as SLE and RA. It is unlikely, however, that antibodies against α-glucans alone caused any pathological damage in vivo. The rabbit antibodies were able to compete with antibodies from patients with SLE and RA for binding with α-1,6-glucan, indicating that human and rabbit antibodies recognize the same, or at least spatially very close, epitope (data not shown), yet adult rabbit with high titer serum IgG against α-1,6-glucan remained healthy (data not shown). Whether anti-α-glucan antibodies, in combination with other factors such as a cytokine imbalance, play a part in the pathogenesis of autoimmune disorders in humans remains to be investigated. A prospective study on such individuals may evaluate whether this would have any predictive value for possible autoimmune disorders in their later lives.
Previous studies, using dextran-columns, have identified dextran-binding IgG and IgM in pooled plasma of healthy human subjects (Anastase et al., 1996; Chacko and Appukuttan, 2003) . It should be emphasized that we assessed all serum samples at a 1 : 200 dilution, thus only capturing anti-glucan antibodies with a moderate to high titer. In contrast, the dextran-columns employed in previous investigations would detect low titer anti-dextran antibodies.
Dextran sulfate ligand could be bound to porous cellulose beads to form columns called selesorb. This kind of columns can adsorb pathogenic anti-DNA subgroups of high avidity and/or cationic antibodies, anticardiolipin, anti-CLbeta2GPI, and anaphylatoxins (Asahi et al., 2003) . Patients with active SLE showed significantly higher titers of high-avidity antidsDNA antibody than did those with inactive SLE, and their titers were significantly reduced by immunoadsorption procedures (Hashimoto et al., 1991; Braun et al., 2002) . The immunoadsorption therapy using dextran sulfate columns is effective in the removal of high-avidity anti-dsDNA antibodies that are closely associated with pathogenicity in SLE (Matsuki et al., 1996; Kutsuki et al., 1998 ). An open clinical study on 19 SLE cases revealed that the mean SLE disease activity index (SLEDAI) score significantly decreased from the pretreatment level of 10.2 to 4.5 after treatment (Suzuki, 2000) . In our present work, significantly higher levels of anti-dextran IgG were detected in patients with SLE and the anti-dextran-IgG levels strongly correlated with ANA (r = 0.675; p < 0.05). Perhaps there is substantial cross-reactivity between dextran and dsDNA, and this notion would help to explain the fact that dextran can adsorb and remove anti-dsDNA antibody from sera of SLE patients. However, anti-dsDNA antibodies crossreact with many different antigens such as heparan sulfate, snRNP proteins, α-actinin and nephritogenic potential (Mageed and Zack, 2002; Zhao et al., 2005) . The crossreactivity with dextran is relatively low and should not affect the outcome of this study.
In conclusion, elevated levels of anti-α-1,6-glucan serum antibodies correlate with the development of RA and SLE. These results provide not only valuable information on the mechanisms of interplay between glucan moieties and the human immune system, but also important clues for improved diagnosis and/or treatment of rheumatic diseases. The role of α-1,6-glucan-specific antibodies in immunological defense, immunoregulation and immunopathology merits further investigation.
MATERIALS AND METHODS

Human subjects and blood samples
Serum samples were collected from 30 healthy volunteers. An equal proportion mixture of sera from all 30 donors was prepared and employed as negative control sample. Blood samples were collected from a group of 30 hospitalized patients with RA, meeting the American College of Rheumatology 1987 Criteria for RA (Arnett et al., 1988) . Their disease was in an active phase as defined by the criteria of the Chinese Association for Rheumatology; at the time of the blood collection their condition satisfied 4 of the 5 following criteria: (1) moderate resting pain; (2) morning stiffness ≥ 1 h; (3) swelling of 3 or more joints; (4) ≥ 5 tender joints; (5) erythrocyte sedimentation rate (ESR) ≥ 28 mm/h (Westergren's method). Serum samples were also collected from 30 hospitalized patients with active SLE fulfilling the American Rheumatism Association Criteria for Diagnosis of SLE (Tan et al., 1982) . All SLE patients donated blood samples while their disease was in flare. Table 3 . The blood samples were processed within 18 h of collection and the sera stored at −80°C until use. The study has been reviewed and approved by the Ethics Committee of Peking University Health Science Center, Beijing, China.
Polysaccharides-based ELISA
Dextran (α-1,6-glucan, MW 70,000, 17-0280-01) were purchased from Sigma (USA). Anti-α-1,6-glucan IgG, IgM and IgA antibodies were measured by ELISA. Flat bottom 96-well microtitre plates (Corning-Costar) were coated with 50 μg/mL α-1,6-glucan in 0.1 mol/ L carbonate/ bicarbonate buffer (pH 9.6) at 4°C overnight. The plates were washed with 0.05% Tween 20 (Sigma, St. Louis, Mo, USA) in Figure 3 . ROC curves for anti-α-1,6-glucan IgG in RA and SLE. These curves were obtained by plotting sensitivity for detecting RA (A) or SLE (B) against specificity. For the anti-α-1,6-glucan IgG curve, healthy controls were used as the control group for determining specificity. 
Statistical analysis
All serum samples were assayed for anti-α-1, 6-glucan-IgG, IgA and IgM at least 3 times with consistent results. Comparison of the groups was performed using the Spearman correlation analysis. Differences in the prevalence of the antibodies under study were analyzed by Fisher's Exact test in the disease groups and in controls. Significance was defined as a p value of < 0.05. A receiver operating characteristics (ROC) curve was generated by plotting sensitivity (y axis) against 1-specificity (x axis). Statistical analysis was performed using SPSS software.
